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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In this contribution, we will discuss the potential RAN1 impacts for small data transmission including the remaining issue on SSB-to-PUSCH resource mapping for CG-SDT, PRACH configuration and mapping to SSBs for RA-SDT, remaining issues on CG-SDT, and reply to RAN2 LS in R2-2109222.
2. [bookmark: OLE_LINK6]Discussion 
2.1. [bookmark: _Ref47374690][bookmark: OLE_LINK21]Mapping between CG-SDT resources and SSBs
In RAN1 #106-e meeting, RAN1 aspects on mapping between CG-SDT resources and SSBs were discussed. Following agreements on RAN1 aspects for CG-SDT were made in RAN1 [1]. 
	Agreement
· Each N of consecutive SSB indexes associated to one CG configuration are mapped to valid CG PUSCH resources
· first, in increasing order of DMRS resource indexes, where a DMRS resource index DMRSid is determined first in an ascending order of a DMRS port index and second in an ascending order of a DMRS sequence index
· second, in increasing order of CG period indexes in the association period
· The mapping ratio N is explicitly signalled and the association period is implicitly derived
· FFS candidate value set of mapping ratio, and whether it is configured per CG configuration or per cell
· The SSB to CG PUSCH association period is the duration of multiple of CG periods depending the smallest time duration in the set determined by the CG period such that all SSBs associated with the CG configuration are mapped at least once to CG PUSCH resources.
· An association pattern period includes one or more association periods and is determined so that a pattern between CG PUSCH occasions and SS/PBCH block indexes associated with the CG configuration repeats at most every 640 msec.
· Note: The mapping ordering and steps may be revisited if multiple CG PUSCH occasions in one CG period is supported
 
Agreement
Support multiple DMRS resources per CG configuration when single layer PUSCH transmission is assumed, and each DMRS resource could be mapped to the same or different SSB(s)
· FFS if multi-layer PUSCH transmission is supported for CG-SDT
· FFS any limitation on the DMRS configuration if multiple CG PUSCH occasions per CG period is supported




It was agreed that the mapping ratio N is explicitly signaled. The remaining issue is the candidate value set of mapping ratio, and whether it is configured per CG configuration or per cell.
For mapping of SSB-to-CG PUSCH, one-to-one mapping, one-to-many mapping, and many-to-one mapping can be supported. Hence, the candidate value set of mapping ratio of SSB-to-PRACH occasion can be reused for the mapping ratio between SSB and CG PUSCH resource, e.g. {1/8,1/4,1/2,1,2,4,8,16}.
[bookmark: _Ref83652090]Proposal 1: the candidate value set of mapping ratio of SSB-to-PRACH occasion can be reused for the mapping ratio between SSB and CG PUSCH resource, e.g. {1/8, 1/4, 1/2, 1, 2, 4, 8, 16}
Since CG resources and the associated set of SSBs are configured per CG configuration, the mapping ratio of SSB-to-CG PUSCH can be defined per CG configuration. It provides the flexibility of network configuration.
[bookmark: _Ref83652092]Proposal 2: mapping ratio of SSB-to-CG PUSCH can be defined per CG configuration.

It was agreed that multiple DMRS resources per CG configuration when single layer PUSCH transmission is assumed. Regarding whether multi-layer PUSCH transmission is supported for CG-SDT, from our perspective, we don’t think it is necessary to support multi-layer PUSCH for CG-SDT. Considering the CG-SDT is typically used for the case of small payload transmission, there is no strong need to adopt multi-layer transmission which is targeting for higher throughput. Besides, coverage is one of the important factors when CG-SDT is adopted. Due to the lack of inaccurate channel information in an inactive state, the single-layer transmission would be needed to improve the reliability instead of the multi-layer transmission for CG-SDT. Therefore, multi-layer PUSCH transmission is not supported for CG-SDT.
[bookmark: _Ref83652093]Proposal 3: multi-layer PUSCH transmission is not supported for CG-SDT.

In RAN1 #106-e, there was discussion on whether multiple CG PUSCH occasions in one CG period are supported. From our perspective, for CG-SDT, multiple TDMed and/or FDMed PUSCH resources for CG-SDT within a periodicity can be configured, which is more flexible and beneficial to reduce the latency of SDT. An example is shown in the following figure.

 Figure 1: Example of PUSCH resource configuration for CG-SDT

[bookmark: _Ref68626941][bookmark: _Ref68626991]Proposal 4: For CG-SDT, multiple TDMed and/or FDMed CG PUSCH occasions in one CG period can be configured.

2.2. PRACH configuration and SSB-to-PRACH mapping for RA-SDT 
During the RAN2#115-e meeting, RAN2 sent an LS to RAN1 on the agreements with potential RAN1 impacts for RA-SDT [2].
	Agreements for RA-SDT: 

1. SDT related RACH resources are configured via system information, i.e., SIB1
2. At least the following parameters can be RA-SDT specific. 
· SSB selection related parameters, i.e., rsrp-ThresholdSSB, msgA-RSRP-ThresholdSSB.
· Power control related parameters, i.e., preambleReceivedTargetPower/gA-PreambleReceivedTargetPower, powerRampingStep/msgA-PreamblePowerRampingStep, msg3-DeltaPreamble/msgA-DeltaPreamble. 
· Preamble group related parameters, i.e., msg3-DeltaPreamble/msgA-DeltaPreamble, messagePowerOffsetGroupB for 2-step RA-SDT and 4-step RA-SDT. 
3.  For shared ROs case, all the following configurations can be allowed: (28/28)
· 4-step RA-SDT shares ROs with 4-step RA and/or 2-step RA
· 2-step RA-SDT shares ROs with 4-step RA and/or 2-step RA
· 2-step RA-SDT shares ROs with 4-step RA-SDT and/or 4-step RA and/or 2-step RA.




In RAN1 #106-e, RAN1 discussed the configuration parameters for the PRACH resource configuration when PRACH occasions are shared between SDT and non-SDT and when PRACH occasions are separately configured for SDT and non-SDT. RAN1 made the following agreements/conclusion for RA-SDT.
	Agreement:
· For RA-SDT, when PRACH occasions are separate between SDT and non-SDT, PRACH resource configurations/parameters for 4-step RACH and/or 2-step RACH should be re-used as much as possible for 4-step RACH and/or 2-step RACH based SDT, respectively.
· Note: It is up to RAN2 discussion on the RO configuration for RA-SDT in separate ROs.

· For RA-SDT, when PRACH occasions are shared between SDT and non-SDT, at least following parameters can be configured, including 4-step RACH and/or 2-step RACH based SDT operation.
· Number of contention-based preambles for SDT per SSB per valid RO
· Note: whether starting position of the preambles for SDT per SSB per valid RO needs to be configured for RA-SDT in shared ROs is up to RAN2 discussion.

· For RA-SDT, when PRACH occasions are shared between SDT and non-SDT, a PRACH mask can be configured to indicate a subset of ROs for RA-SDT.

· For RA-SDT in shared ROs and separate ROs with non-SDT, the power control parameters follow those for non-SDT, 
· i.e. preambleReceivedTargetPower and power ramping setting follow those for non-SDT.

Conclusion: 
· Further discuss on the case when ROs are shared between SDT and non-SDT, but different RACH types have separate ROs after RAN2’s decision




For RA-SDT, regarding the mapping between SSBs and the preambles for SDT in a RO, the number of SSBs per RO, number of contention-based (CB) preambles per SSB per RO for SDT are separated configured. Therefore, the existing mapping rule of SSB-to-preamble mapping for non-SDT can be reused.

[bookmark: _Ref79070862][bookmark: _Ref83652095]Proposal 5: For RA-SDT, when PRACH occasions are separate between SDT and non-SDT, the following parameters can be configured specifically
· Number of SSBs associated with a valid RO,
· Number of contention-based preambles per SSB per valid RO,

[bookmark: _Hlk78904415]When PRACH occasions are separate between SDT and non-SDT, the PRACH resource configurations can be RA-SDT specific, including time resources and frequency resources of PRACH resources. Hence, the preambles for SDT and non-SDT are separated in different ROs. In this case, preamble formats, root sequence, and the total number of preambles for SDT can be separately configured. If they are not configured for SDT, those preamble parameters configured for non-SDT can be reused.
[bookmark: _Ref83652096]Proposal 6: For RA-SDT, when PRACH occasions are separate between SDT and non-SDT, the following parameters can be configured specifically
· RO configuration related parameters, i.e. time and frequency resources of PRACH resources.
· Preamble related parameters, e.g. totalNumberofRA-Preambles, prach-RootSequenceIndex.


2.3. [bookmark: OLE_LINK16]Search space, BWP and L1 feedback for CG-SDT 
During the RAN2#114-e meeting, RAN2 sent a LS to RAN1 on the agreements with potential RAN1 impacts for CG-SDT [3].
	Agreement:

For CG-SDT
3. Working assumption: UE-specific search space is configured for UEs performing CG-SDT. RAN2 asks RAN1 whether this working assumption can be confirmed
4. CG-SDT resource can be configured on either initial BWP or separate SDT BWP. Ask RAN1 to confirm
5. RAN2 thinks that some feedback may be beneficial in case CG is used for subsequent transmission.  RAN2 assumes that existing mechanism can be used.



In RAN1 #106-e meeting, Regarding the questions for CG-SDT on the working assumption and agreements, RAN1 made the following agreements on BWP for CG-SDT resource. 
	Agreement:
· RAN1 confirms the RAN2 agreement that CG-SDT resource can be configured on initial BWP
· FFS whether CG-SDT resource can be configured on a separate BWP.



Regarding the BWP for CG-SDT, from our perspective, we think that CG-SDT resources can be configured on either initial BWP or separate non-initial BWP for UEs performing CG-SDT. The CG-SDT resources for non-initial BWP for UE in the inactive state can be configured by the RRC release message.
[bookmark: _Ref83652098]Proposal 7: RAN1 confirms that CG-SDT resources can be configured on non-initial BWP.

Regarding the working assumption, from our perspective, we think it is feasible that UE-specific search space is configured for UEs performing CG-SDT. USS configured for CG-SDT is beneficial for reducing the blocking probability in CSS. Besides, if USS is supported for PDCCH monitoring for CG-SDT, low power consumption for PDCCH monitoring in USS needs to be considered.
[bookmark: _Ref83652099]Proposal 8: RAN1 confirms the following working assumption, i.e. UE-specific search space is configured for UEs performing CG-SDT.

Regarding the potential L1 feedback for CG-SDT, the following options were discussed in RAN1 #106-e.
· Option 1: Support explicit L1 feedback for CG-SDT. 
· Option 1A: Reuse DFI based mechanism as introduced in Rel-16 NR-U
· Option 1B: Use UL grant scheduling DG-PUSCH with the same HARQ process ID as CG-SDT PUSCH
· Option 2: Explicit ACK is not supported for CG-SDT. Reuse Rel-15 CG re-transmission for CG-SDT

We think the motivation is mainly on providing a timely ACK response to the CG-SDT transmission. If gNB fails to receive the CG-SDT transmission, UE would trigger retransmission of SDT after the timer for PDCCH monitoring. If gNB successfully decodes the data by CG-SDT transmission, gNB may schedule subsequent transmission by a DL/UL grant. In this case, the UL grant scheduling a new transmission can be deemed as the ACK response to the previous CG-SDT transmission. There may be an issue when there is no data for subsequent transmission. The possible solutions include enabling UL skipping for subsequent transmission, or defining a particular feedback form for ACK response e.g. similar to the CG-DFI in shared spectrum.
[bookmark: _Ref79070866]Proposal 9: For CG-SDT, UL grant scheduling subsequent transmission can be used for the feedback response to CG-SDT transmission, i.e. Option 1B.

2.4. Validation of CG PUSCH occasion
RAN1 made the following agreement on validation of CG-PUSCH in RAN1 #106-e meeting.
	Agreement
· The following PUSCH occasion validation rule is applied for CG-SDT
· for unpaired spectrum and for SS/PBCH blocks with indexes provided by ssb-PositionsInBurst in SIB1 or by ServingCellConfigCommon
· if a UE is provided tdd-UL-DL-ConfigurationCommon, the valid PO is the PO in UL part in a slot, or at least Ngap symbols after the end of the DL part in a slot or after the end of the SSB in a slot
· if a UE is not provided tdd-UL-DL-ConfigurationCommon, the valid PO does not precede a SS/PBCH block in the PUSCH slot, starts at least Ngap symbols after a last SS/PBCH block symbol 
· Ngap is provided in Table 8.1-2 in TS 38.213
· FFS if any validation rule following the CG-PUSCH in RRC connected state is applicable, and whether and how to handle the overlapping between CG-PUSCH occasions for CG-SDT and any valid PRACH occasion or MsgA PUSCH occasion.
· FFS the rule for paired spectrum, and whether/how to support CG-SDT for UEs operating in Type-A HD-FDD.




When CG-SDT is operated in RRC connected state, the validation rule defined for CG-PUSCH in Rel-15/16 is applicable to CG PUSCH of SDT.
For MsgA PUSCH overlapping with other UL signals, the following conclusion was made in RAN1 #101-e. This conclusion is still applicable to the overlapping between CG-PUSCH occasions for CG-SDT and MsgA PUSCH.
	Conclusion:
· For single cell operation or for operation with carrier aggregation in a same frequency band, it is up to UE whether to transmit MsgA PUSCH and/or PUSCH/PUCCH/SRS within a same slot or when the gap is not satisfied.
· Note: it is not intended to have any impact on UE capability signalling



For overlapping between CG-PUSCH occasions for CG-SDT and any valid PRACH occasion, the following behavior defined in 8.1 of 38.213 for PRACH and PUSCH can be reused. 
	[bookmark: _GoBack]For single cell operation or for operation with carrier aggregation in a same frequency band, a UE does not transmit PRACH and PUSCH/PUCCH/SRS in a same slot or when a gap between the first or last symbol of a PRACH transmission in a first slot is separated by less than [image: ] symbols from the last or first symbol, respectively, of a PUSCH/PUCCH/SRS transmission in a second slot where [image: ] for [image: ] or [image: ], [image: ] for [image: ] or [image: ], and [image: ] is the SCS configuration for the active UL BWP.



Proposal 10: It is up to UE implementation to handle the overlapping between CG-PUSCH occasions for CG-SDT and any valid PRACH occasion or MsgA PUSCH occasion.

2.5. Reply on LS related to SDT in R2-2109222
During the RAN2#115-e meeting, RAN2 sent a LS to RAN1 on the agreements related to SDT [2] and asked some questions on SDT. Regarding the questions, a reply LS to RAN2 is needed. From our perspective, the answers to the questions are provided as follows.

	[bookmark: _Hlk83542379]Q1: For both RA-SDT and CG-SDT, RAN2 assumes that common PUCCH resources (i.e. those that are shared with non-SDT UEs) can also be used for HARQ-ACK feedback for Msg4 /MsgB and subsequent SDT transmissions. Can RAN1 confirm this?
A1: RAN1 confirms that common PUCCH resources (i.e. those that are shared with non-SDT UEs) can also be used for HARQ-ACK feedback for Msg4 /MsgB and subsequent SDT transmissions.

Q2: For RA-SDT and CG-SDT, for Msg4 /MsgB and subsequent SDT transmissions, does RAN1 think there is a need for any other PUCCH resources than the above and if needed, can RAN1 define these? 
A2: RAN1 thinks there is no need for any other PUCCH resources for Msg4 /MsgB and subsequent SDT transmissions.

Q3: Is there any other L1 configuration needed for both RA-SDT and CG-SDT to support the subsequent data transmissions from RAN1 perspective? 
A3: From RAN1 perspective, no any other L1 configuration to support the subsequent data transmissions is needed for RA-SDT or CG-SDT.

Q4: Do RAN1 have any concerns to support RA-SDT on the non-initial BWP? 
A4: RAN1 don’t see the need to support RA-SDT on the non-initial BWP

Q5: Does RAN1 think that BFD/BFR procedure is required for SDT and if needed, can RAN1 define the necessary procedure to support this? 
A5: RAN1 don’t think BFD/BFR procedure is required for SDT.




[bookmark: _Ref79070864]Proposal 11: RAN1 to provide the following reply to RAN2 LS in 2109222.
	Q1: For both RA-SDT and CG-SDT, RAN2 assumes that common PUCCH resources (i.e. those that are shared with non-SDT UEs) can also be used for HARQ-ACK feedback for Msg4 /MsgB and subsequent SDT transmissions. Can RAN1 confirm this?
A1: RAN1 confirms that common PUCCH resources (i.e. those that are shared with non-SDT UEs) can also be used for HARQ-ACK feedback for Msg4 /MsgB and subsequent SDT transmissions.

Q2: For RA-SDT and CG-SDT, for Msg4 /MsgB and subsequent SDT transmissions, does RAN1 think there is a need for any other PUCCH resources than the above and if needed, can RAN1 define these? 
A2: RAN1 thinks there is no need for any other PUCCH resources for Msg4 /MsgB and subsequent SDT transmissions.

Q3: Is there any other L1 configuration needed for both RA-SDT and CG-SDT to support the subsequent data transmissions from RAN1 perspective? 
A3: From RAN1 perspective, no any other L1 configuration to support the subsequent data transmissions is needed for RA-SDT or CG-SDT.

Q4: Do RAN1 have any concerns to support RA-SDT on the non-initial BWP? 
A4: RAN1 don’t see the need to support RA-SDT on the non-initial BWP

Q5: Does RAN1 think that BFD/BFR procedure is required for SDT and if needed, can RAN1 define the necessary procedure to support this? 
A5: RAN1 don’t think BFD/BFR procedure is required for SDT.




3. Conclusion
In this contribution, we discuss the potential impacts on the small data transmission from RAN1’s perspective. The conclusion and proposals are summarized below.
Proposal 1: the candidate value set of mapping ratio of SSB-to-PRACH occasion can be reused for the mapping ratio between SSB and CG PUSCH resource, e.g. {1/8, 1/4, 1/2, 1, 2, 4, 8, 16}
Proposal 2: mapping ratio of SSB-to-CG PUSCH can be defined per CG configuration.
Proposal 3: multi-layer PUSCH transmission is not supported for CG-SDT.
Proposal 4: For CG-SDT, multiple TDMed and/or FDMed CG PUSCH occasions in one CG period can be configured.
Proposal 5: For RA-SDT, when PRACH occasions are separate between SDT and non-SDT, the following parameters can be configured specifically
· Number of SSBs associated with a valid RO,
· Number of contention-based preambles per SSB per valid RO,
Proposal 6: For RA-SDT, when PRACH occasions are separate between SDT and non-SDT, the following parameters can be configured specifically
· RO configuration related parameters, i.e. time and frequency resources of PRACH resources.
· Preamble related parameters, e.g. totalNumberofRA-Preambles, prach-RootSequenceIndex.
Proposal 7: RAN1 confirms that CG-SDT resources can be configured on non-initial BWP.
Proposal 8: RAN1 confirms the following working assumption, i.e. UE-specific search space is configured for UEs performing CG-SDT.
Proposal 9: For CG-SDT, UL grant scheduling subsequent transmission can be used for the feedback response to CG-SDT transmission, i.e. Option 1B. 
Proposal 11: RAN1 to provide the following reply to RAN2 LS in 2109222.
	Q1: For both RA-SDT and CG-SDT, RAN2 assumes that common PUCCH resources (i.e. those that are shared with non-SDT UEs) can also be used for HARQ-ACK feedback for Msg4 /MsgB and subsequent SDT transmissions. Can RAN1 confirm this?
A1: RAN1 confirms that common PUCCH resources (i.e. those that are shared with non-SDT UEs) can also be used for HARQ-ACK feedback for Msg4 /MsgB and subsequent SDT transmissions.

Q2: For RA-SDT and CG-SDT, for Msg4 /MsgB and subsequent SDT transmissions, does RAN1 think there is a need for any other PUCCH resources than the above and if needed, can RAN1 define these? 
A2: RAN1 thinks there is no need for any other PUCCH resources for Msg4 /MsgB and subsequent SDT transmissions.

Q3: Is there any other L1 configuration needed for both RA-SDT and CG-SDT to support the subsequent data transmissions from RAN1 perspective? 
A3: From RAN1 perspective, no any other L1 configuration to support the subsequent data transmissions is needed for RA-SDT or CG-SDT.

Q4: Do RAN1 have any concerns to support RA-SDT on the non-initial BWP? 
A4: RAN1 don’t see the need to support RA-SDT on the non-initial BWP

Q5: Does RAN1 think that BFD/BFR procedure is required for SDT and if needed, can RAN1 define the necessary procedure to support this? 
A5: RAN1 don’t think BFD/BFR procedure is required for SDT.
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